kv* W* 0 *"" SCb °° l 

polls. ^ 



I V- vAll.A'iluj. OF 



GF 



"3. i Xt G U 

cr r.^^uun *fe±. 



G X> « L>IcCrtAt^i UMiJh *! t-S I :£ J 
V aj’vHY U lu ‘I;il G: : a. u GF wCwax 



i?AAFCIo X. lit .fe, 

-2^ 

-fiectocs ut Goaaencer, U. f.avy 

\ 



Jui &<j , * 



a *1110816 uu b aittec to tnc ±%ouii of t f 1 . 1 „uate t>ebo 
University of . inxeiota. In parti- i, !u ^ lu^r.t of ttie 
rtequire*ents for tbe ui'pte of alter of vCirnce. 



■A. * 



♦ j » •*- 



Sj 1 . 




^u. »..«jery 



Intro ouct io n. ........... . «... 

Theory a no rovious Pxpcr i..entt ....<> 

a.v® r *i current u©g ion* , 

Glow jul&ctifc rge iveg ion ...... 

Equipment ana Procedure* •• • ic 

Testing eua Teet jjeta •••••• lf> 

results anu discuss ion. ...... 



Conclusions 



i.i. liofc rap hy 

1 ifcur© 1, iM moratory 3 mj it* wont • 

Figure b, »inci Tunuol*** 

Figure 3 , jo&ate block i>es irn. 

Hr.ure 4, Pressure nur-vey Jar, frozcle enc "'rotes.... 

Figure 4 a, *dhauo»gra ph cl tne Probes 

Figure 4 b, i*rran£©cent ol the Pro nee •» 

Figure 5, io*er supply... 



37 

38 

33 

\ 

hi 
4 c. 



Figure u , circuit , i...«. 43 

Figaro 7, circuit ;; k • • • 44 

Figure b, Mo* uircherge chax sc ter latice « 4 Vtrious 

. xefi..ureB for »uu3 inch iatinu. . iro 4i 



Figure I lo* blJC.cri-o u''*r»ct,er I p tic? thawing 

ooaatfe.it , loros. 't**' • -,ir.<--s lex .oj?. in. tinu 

All®. •••*»«••••••*••••«•»»•»•»•»*•• .............. 4 L 



i U utg 10, Glow Oleehari e o •. ik nrlbtlce • 

. ch unccr illeet Os inf .003 Iri. tl u . . Ir*.. 47 

Figure U , GLov. t/lnc •«!£ e j Ic* a>-jr i»<*j 

-aeh er .nfiect using .GtX 1". *.» t . u.- *. 5ic.. 





* 
























* * * * 












t 






















Hill ••••§•• 












... ... 


‘ ' 4 












* ’ 






















... • 


■» * 










• 






























































• 





































' 


































. • • . . • . 


. . 1 






















« • M 1 ( 


• l# If 






















. 











Isoir, of contents (conH.y 



<*■ 



c 



1 if arc Ife, Glow i/l»chs rge 
.;eeh Au.tber £fie ct for 

figure IS, Gios Giecnargg 
ach ivunber effect far 

r i( ure 14, Glow r'iscnorge 
-aeh tun iber ^fiect for 



urt&rac tei istics Gho^in 
.003 in. ?latin«t% wire*.* 

Character is tics 

*002 in* riatinu.' wire... 

Gha i actor ie tice &frc»in( 
,002 in. hlattaun ire... 



figure 15, Glow ^iscberg© C .6 racier ie t ics Gho*inf 
the Variation in Voltage at Constant • upera^e, 
Gue to ^ach i*u.aoer. 



figure ic, Gic* Giecherfe Chsiacteris t ic. onowini 
the Variation in Current at Constant Volta, c 
juue to -ach Mincer for .003 in. ?lutinut ire. CO 

l if ure 17, Gloss Gischar^e Chare e ter is t ics at 

Various hreseuros for .003 in. . ietimia -tirt.. u4 



ii^ure rc, Gio« cigchferfe Ohs rac ter ie t icn 

the Variation of ~ roes ure *ith Voltage for 
oonstsut current for #003 in* „ ratmu.c •# lr% ob 

rif ure 19, GiOf discharge Characteristics shoeing 
Li feet of Mach er for .Gc3 in. istinu. 

v. i r e * * * .....I* ...... 

figure Sc, Glow Giec:«rge Chsrac ter let ico 3no-ln^ 

Lfiect hue to ach floorer for .003 in. n l«tin.uJi 
« Ire. a? 

I iguro icl, Grow Gisoharge characteristics who •ini. 

Gffoct of .eh uu or for . 0c3 in. istinu . 
ire 

* if ure , Glov Giac^fr*. e w~ar»c ' er is tics wO^inf 
lfiect of ‘Oca • a. er for *<jo2 ‘us. ’>ttnu. 
i* i i 

FtfUfli ^3, ulo* i^iBc.arLe c. ^r»c eritt ie# Inr 

tee Variation in Jail* e at -,q istant -. .r cr«fi 
cue to » a oh ei i ,uc£ 1... utl'U. • r- . 

i if Ui’e t§, oloe* Gtscharfc o\* raevgr li tics o f .o* it** 
tn« Variation in Current at Go j ol«» » 

x/U© t- sch uv.tr fer . u03 tc, .HUuj . ir , 
























- .«•»*< r • 4 


































• «>••«• » •»# •••••••*••«••• • * • *4 • i 







' 


















*t#*?r**i? •*%*•*•* ***?• r% mmmm v •? w 





















fc>d‘-a.n!£ 



Ihie study was conducted to determine the feas- 
ibility of using a direct current glow discharge « t a 
■velocity teeter up tc the speed of eounc. ine ?ri r 
problem was to show tie dependence of the glow disc .srge 
cnaracterist ice on velocity as separable fro fcht jd' 
variables that effect the characteristics. It «*s confir - 
od tnat by using an osyuaotrical arraugenent of ^terlal 
aud fora, tho previously exper iersced burning of the 
electrodes could be succesofuity avoided, lie ciscnar » 
proved to be both pressure £uC velocity sensitive a no as 
such scapts itself to use as a pressure probe or v-'^ccit^ 
ftetor. However, since the glow is insensitive tc te • 
perature, it cannot oe utilized as a Mcehmeter. I - 

\ 

fortunately the results aoove 740 ft. /ace. ( ach nu .ter » 
0.70 j In this report cannot he relied noon cut it Is 
expected that with adequate eh u logout , reliable osta up 
to ana beyond the speed of sound can be obtained. !be 
characteristics proved also to to a function of t ie 
electrode materials, size, spacing, nolarlty, and posai.:i> 
wire length. ,Uv.*l Inch oia».ot@r platinum rire ■'ro -a t •. 
he too e all and flexile for vej-oeit. easure --©" tt r t eie- 
ae tie .wOt inch air© •'ron^a • vtis 1 ctory. 



X i r i 1 Iw*. 



although in air probability 010 paper. -.ave 
been publisher on various aspects of t.ie g io*. also ar. o 
than on s Li the other electrical olscnarge phenomena, it 
Is only in the last fes years tnet attention ** s tee- 
brought to Its possibilities as e pressure, velocity, or 
, ach meter. There is a great need at present for a ooo, 
instrument that can record accurately the pressure, veloc t 
or .ach aumoer not only in the laboratory but also in tea 
field, such as in an aircraft. In tho latter cate;. r„, } 
an accurate instrument aoea not exist today sa ail present 
instruments «ro subject to position errors (errors uu , to 
the position of the probe with respect to the line of 
flight and tho attitude of the aircraft;, Irstrtr/ni 

\ 

errors, losses in tho tubes and lines, temperature, -inc 
compress ibiiity errors. Vnen too, air cpeec ihuicstoi 
readings of the present day must be corrected for • ttltace 
(pressure, density chanjcj and teeners tore if t'-e trre 
air speed is aealreo. Thus, tods.. a wliot T»ay be flying 
at 15 <jOO ft. inaicati;.. £15 tits, -bile in reality hie 
true air speed .ay be in the -vicinity oi 400 .its., e 
^ariioc difference ver essential to navigation, I i* it 
planning s«g gasoline c-j .- u i .tioa. It Is tj-nn-.' - 
solution of this proble that t.iis invest 1; a tlon «#s • oa 

to fine out if &<• i^ftru-weut rarx o;. trv to- ; lec 
characteristics would be feasible. r iO the • other's 
tnowieaic, t ore ie no sue luatru re.it * valia Le or in 



existence i tic t *i©£eurt,g flo« up to the vetocitv of eounc 
beeec. on this principle, t be prLae purpose of tv otady 
shall uosi aith the glow uiuctoarg© characteristics fox a 
point in dry sir as dependent on pressure end : ech aunoer 
»heu using oiflerent sis© pletinira sires, cnanriaf 
oiectrod© spacing, and changing th® polarity of the wire 
from negative to positive* Ibis study sas not i itenae*: 
to bo a final quantitative solution of the probl*)^ cut 
only sn exploratory stucy of the -a jor pazar-otcrfe affect- 
ing tno application of the g iok discharge for a pressor-*, 
velocity or s»ach *ieter. 

1'bis stuay *a£ csrrloa out si tic Juivorsit of 
^Innesota*8 neseaich Center, noseiotmt, ninneaote uneer 

the supervision of advisor, Professor J# j, h^r .an, a 

\ 

of the iieparti.ent of Aeronautical Sag inhering of the 
jnivereity of ianesott • a dent of appreciation i» e^so 
owed to .lieutenant Oo^amandor doburt u, bollonierf ©i , a 
felloe stuaent, &.r» i?’rsta«i werner, scientifct at Vu center, 
sad Professor u . brsltnaaito, lor their help in construct- 
ion a no alleviation of -.any of the troubles ©-..countered 
curing the ex per Inente. 

*1 a cO a '£ . VXOUv i.x »«.. 

As is itoowa there ©re i; eners l three t ^©s o } 
electrical uiecnarge* in * Ir t •& t ^vp < r -c s l f n li leu nt # 
©no ciUierar.it cna motor 1 b tic* , na-el*, t. ovne nd 
Aiiecbsrge or oar a current cieeherpe, t.o g to* aiacrar/s 



ano the tuc or 8,*ar» hi eisrre* u f th*«r r. list 1 f 
only one tnet fives off no iifht. me folio*! r a^etca 
indicates roughly th». che rscter Isties of thee* c Lacttarfte » 




*>aric Current neflon 

fi iot to ifnition, & current can too T<ede o 

\ 

flo* between two electrodes (the oo-coileo ciarir current 
aischorf© cr r xownflond iyischargo) in air out it ie 
essential ttost there be an external current in cons icior i»f 
the T.af nitucs of this u r& current* Oh* rf e carriers 
(positive Lorn ) can be fenerateo externally 1 q trie toie- 
chorfe ref ion iron cucti sources as A-ia/a, ultiavlclvt 
lifht or elevated tooipere tur- a a* Ho' fl^^e, a no the- 
ions will arift to the ett uotoe» K a volt differential 
exists across the ©L>ctrooe8, electrics 'ill o«* att.setek 
towards thv a node. Ions© electron* in .ir stios- ; ic 
•lossure h*f* a uiean free path ol . .r . i t« Ly ?*• x IC' 
Ca* sjc du* to to* Imp rr. fifed volt©'., t' -• »IL1 fall freeij 
through this distance, ctzi-in. the- * * -of.cuLee •Ito 
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the enorg f a ifitju la the ftll. Ihi£ dactic rij 
then available for excitation, ionisation cr cis*oc iat I gj . 
If the energy is insufficient to produce an incUft.c 
collision, the electrons rewound la an ctao.t perfectly 
elastic recoil ana carry tne energy gained lots t> • 
free path. ^hue the electrons can sccuaul- ta enerf j 
(thereby raiding their temperature)* Luring inis 
accumulation of energ>, t-nereforo, no new elections si 
l ora.se ana the current cannot rise Despite the incr-.&s# 
in volts ( e . ibe initial electrons are rventually irant- 
’'oiteo to the anode «lth the Ions feint to tho cathoc* . 

hoon snougb energy io accumulated, m electron 
in traveling to the anoae ionises s neutral toiecula 13? 
colliding slth it Bar one she ll electron is sc pa r t ec* 
hath erections no* avails ole after the t irt t ion i sms t ion 
travel toiarca the mocr and ionise anc*« After the next 
ionisation there are then four electrons and tore- ions, 
tae continuation of tr,i& process being arnoan ee To*r send * - 
Electron sac Ion ^va_snche* Although deheudin? on t»*e 
original current for excitation a<*e *»*af nit uae , tn- moors 
is no* sell -trusts in inf out trie current if. v*'r a**si »>e<Lr,» 
of the oroer of iO~^ to a meres « 

1 -c feasibility of tnla t -o« current as a 
velocity .eter «aa successfully i *ve *t i; • t • • »• .libel-* 
iuc-m in i% 4 ’c » t.o found taat the •ffeet -i v.© air f Lev 
consisted In wee waning the curren t frv th»t a *unt c " 
may fro the election^ fay »h lie t >e -u ts ove Ire i ’ 
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tooce to tnc cat oae » i *e see^in^. uL *.i£i of .tv l nr two 
curi exits of Gifferes.it ,wa r a itudes fLo**i»£ in ©»k circuit 
(sa.o voltage with *ut without velocity; Is solve 
by u* irt£ a eixeuit ae foilossj 




Hot = l b 4 lo 

Hot s total current 

T 

ju- 1%, * current blown aaa.* »hie_; 

| ao«eho« £oes to crouiyc 

I 0 * current, in still air 




he discovcrea tnst by c-'ao£in f tne shape of t o 
electrodes 1 5% ico velocities ax© chsnj»»c 3uc time.- 
the characteristics of tne apparatus will chanpe wnen 
sui jeetre. to impressed air flow oue to t ;e tiwie th' 1. s 
ere exposed to it. when the shape of ine cxectroae «xss 
eframed fro.; c point to a sphere, even goih to c di« s etex : 
of 1 - . (. 02 > 9 o in.;, no decrease in current wss e* t& >ii£' ~ 

ed at ve Loci tit. s up to Ikt a. /sec. taereby Inc lectin 
tnet a point or a sphere of extremely swli diameter it 
^eccssar/, at least at subsonic a cads. iruev* also •hoaod 
t * i the ignition curr *~*t (;e. Inning of t t . io« cLre^r** 
inc2*ssec aith iLcreeaiar flow v locltieo. Ihis 1: vf r 
significant for the present stuu* a. it iiuict»u 'he 0 
ulscrari© tc ce velocity sensitive, the *cr icy r« -1; e of 
the instru nt rxovcu to be a t u.ict in. cl < 1: let • .-,c 

totwoen eiuctr oces . in£ t.> s^aclnf et^oon dec i: • 

C’tn-os tie c. aiactex lit ic ( 1 ) du .0 » «i c * iocc-~ 
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path auu {*-) a reduced ion voice it t due to rtt-ucud fi*U 
Intensity ia vie vicinity of the anode. Th* otter thr 
distance t^c higher the velocity needed to c Istirc*. ul*b ti 
fro*- still sir c*a rooter ictice • Its upper Halt a* - 
f inec by ignition a no. a vertical tangent to V'e c*a* j *et*r- 
istlcs curve, ^gain if ine aacoe sac cst’necc ore oi t-.o 
ea *.e size no velocity response was noticed. 11 a seu-itt'. .i 
however, proved to bo very good for constant voltage U^rte 
changes in a. borage at various velocities; but poor foi 
constant a-aperage, 4s e*?ccteu there wss no burning o-*» 
of the electrodes. 

tehon there ore two electrodes of different sizes 
®nd *eil separated, ft field is cone a nil’s ted at the 
electroaea a no too -echenisms which are active sent*? r in 
tno ret ion of the intense fioli. he the voitogo ia raised 
above the Gar** current region, the fields bteo ie sufficient 
ly high for ore© id$mt ia these regions long eefore i 
s peri esc pi o page to acres- tno gee space. . 'is •*rea 
occurs In t*'o steps., one, at z h % ©lectroo. or 9i< ct roo* t , 
and seeo.uly, s ores cown cf the itself? I.o. & r-ji-. 

Te.e ^aunestation of ores -uoan at t u ci'Ctroee is t> 
Cul&fiior ox iignt, gei-erai .y cg Lite cf rou* or ' low 
c iecre ri o . 

i lo* i>iscj»rge lief ion 

Thus as the fieid strength ia r*is-:(i s.^ov- i ■« 
‘toanaenu visc^ori •• re* Lm , wi»ffici*rjt eneefi i. csc«M'rt»te< 
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by tie loos to dlsLocfe ss olesiro u fro~ et od o 
impact. 'i v 6ee ne» e^ctrjns? Yt vo eailiisioKS - • ; • ^ » 

to ire en-oce sac* cause another avaianche ci. ion* • nu 
electrons. At f trot there are dot enottrb of to®. \ ire ; ~ 
ary ion 8 to aia^o the rraceco self-fiuste into? and c lie 
ther© 8ie pulses of corona, they ere <iuicidy extin- ji ». %£ 
(la the order of IQ~” to IQ"*' fiec.J* *1 h i g is cue to v •> 
rapid Gecllae of the f telo as one *ove« a »a / fro t e 
cutfcoce aoc. also teca ;e© the electrons lb ..ovla'f a**v 
leave fcohiati relatively i coolie -ositlve Iona whose 
positive apace cnsr|e reduces the lie Id (electron *s 
velocity is 50u ti-ms that of an ion in s t^osphorlc tir;. 
Inis space charge then is cleared oy .;ain£ s*©pi into tne 
cathode am* the current declines. hen the field • as v 
oecn increased sufficiently by the re novel of positive 
ions, the Last ions etaxt ue» electron avataochee s no the 
oroccst. repeats > uir, current increasing ts the fie.c in- 
craaaeh. Inis region of non self -sasta iainf corona is 
known as tho Geiger counter regime anti her been utilised 
in atomic wor i£ to detect elections, ccbaIc ra , r»- ,*a or 
beta ra;. ionization (u'f. h p£ . 4h£~ $05). In this 
region t a current la iGcrectiur s^c nen sufficient 
secondary ions arc forced, (in the vicinity i • i.u to 1.5 
iloioa 'ps ) a steady vlfiirl© * lo«< is ops© v - tie 
piocess becomes saii-susta in la* as 8i«ctro.r •-> ; e con- 
tinuously '<ing Gl-iploc d fio i t’o t i os. f tie cur-ro^i 
now iac;©a»©8 r* iul k . , :eing of V> orcor of 100 to it j 



tiajefi dar£ current *3 ..ituco* the cox or of toe £1 g is 
dependent o£ composition of the g-e ano i , 1 in er. .* of air 
is .. lifter eelaion pin* or lavender* It is this d lecha rg cs 
that is to he studied in this repeat* At atmospheric 
pressures with tue wire point of negative polarity, tdo 
glow is localise© over s c-all area but aa t*>e pr* stur- 
is reduced anu there is 9 high diffusion of elect? a*, 
the glow becomes very luminous and a if fuse over the 
surface of the electrodes* ,1th the wire of p&sltivi 
polarity at a tine- spheric pressure the lutsinoslty eo'ietiv* 
spreads as s thin t ii-s over the high field perti r; 
the conductor-, while at reduced pressure It may r?t<un 
into the gap eomewh'wt iu the fora of at re mere or 
etriatione* 

In the previous description of the g^o» disc j r. r 
phenomena, the needle has been assumed of negative joisritj. 
atneo the needle is positive, tnr discharge, while »UU a 
glow, is of a different nature. XonisatUn tax n.\<?c 
at the aeporc point as before but the positive i c s its 
trsvelin- tc* tna cathode fine the flaicr too tot* for ■ 
secondary cm,* a a ion of more electrons* ht>«» er, ioniiatloi 
fro* nhotoe Lectr ic emission a no ultra 1 let icn 

from the cathoae tales i *c»"snrp li ’>t eoaiw* 

from the , low st the <*i t*e *•:; the cleorvj e i» p w kj 
so If -scat* in log . 

*iii© .Auch ho l uteri cuoe t e-ita lit," f_: 
characteristics of v o , io- olsch-r, •- s a I u.jcticu *f 
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pres ur * almost a ii of it ras d«a It .'it, meeeur of 
20 s... Hf • or i . ss ae used la gaseous tubes. rr^ssurs 
in these regions hse g mritea efiect as »ou .1 c be **rectcG 
fro* the low density of tn< gas, diffusion of electro ne, 
and the increasea moan free peth. Very Little hoe been 
con© in the region bet Keen atmospheric (7bG vs. . ; • . • 

£C iaa* hg . , a region highly important if the glow c la- 
chsrge la to be used in wind tunnels and the earth’s* 
atmosphere, earner has shown (hef . 2) that pressure ‘ 
a profound effect on the position of the character I tie 
curves anc inductee several cheracteristics in tne • • ~ * 

range, he closrly shows furthermore, that these c . .» r . . . 
Istics shift appreciable due to humidity and wire sis-*, 

ano change somewhat oue to plate radius, rolarity a.id 

\ 

electrode spacing. Ihus it can he seen that the pr- 
study shall ha!?© to include a pressure survey for the 
particular apparatus and the changes in wire size, * . i it 

and spacing, bince ary air is to bo used st sll 
the variable, hu.-Idity, need not be cons leered. 

s etetea in the ciscouise aesilnf >i*< h- t* 
current, velocity is expe ctea to ave an If set r:« th* 
characteristics quo to the blowing aasy of s . •: nt * e 
charge carriers, result i-g in « loss of currant fra 
f ivrn voltage. 

.he eultaoillt. of V e r 1 o** discharge for 
velocit dependence *'as invest if Hied dr-tty *•> s. 
finavoll. Accoroing tc? incvalx the gio. ciii; r arf >. . . <. u 
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at jospheric pressure das supposed to L« suit* ci- aUo 
for investigation of the smaller turbulence of fin* 

»ith the burning a. nay of the electro doe the 0015 is« 
turbing factor. 0. -sier, of tho German Aeronaut. ■ 1 
heseerch Institute, attempt Ing to check -Inciva 11 *i or 
ooulcs obtain no good results for oscillation ••assure.* »ts , 
^rizssrily due to the burning a**sy of the electrodes, 
hosting up of the electrodes and euacen cheng.es into eti hm 
discharge) forms, however, es pointed out bp fame r, 
..indvflll*e needles were relatively large (.15 cn in 
cifi/uetor>, tne axis of his points sere perpendicular t 
the sirstr-en,* acc it is possible that ho ^cs working *Uh 
cn arc instead of e glow* terrier's preliminary inv»-.t« 

lgation indicated the glo» to be sensitive to air a r- * 

\ 

up to ^ 11 ft. /sec. k. f'uck®, in investigating the <urn Lop 
Bmj of the eicetroaea in & glow discharge ane oarter, 
showed that the burning o»ay is essentially oue to con- 
traction of. the discharge at the anode (hot spot ) «ne t 

avoiding the burning a >&y amount* ty avoiding toe hot 
siot. This could be cone by Introducing ecy* -':try of for 

or :aterisi ior Doth,/ into the electrodes, 1 aoi £iu;?l > 

by usin alternating current of high fre ! ency. faers 

• nd ochu *acher invest!*: tec the lattei ossl lilt , l u itr 

platinum electrodes cf .5 (•Ql9‘~) si j a t .? ?• . (.ulie’) 

because 01 tceir pre-e Inenco in r*.» . stance to oxic? , .lt , 

• nc founu tne alternating correct - Jo* oisc-.arge <>-.e > 0 ' < * 

to have a ter «tl n* range d£ only 60 ./sec. (lb<* ft. /•*<.; 



but ;et hsu ••ore re^roi uc ifeiiity than any ’rtvlous f I©* 
instrument* 

Gonsequontly the main emphasis of this 1 vest- 
Iretion is to continue »err,er*fi experiment t.rm It Is 
hoped that by using a platinum sire end another wtorUl 
as electrodes, both of different shape, and of th* 
s mllnese used by **erner> the burning a, ay pay c« avoiu< n 
arid velocity sensitivity up to the speed of eouno .10 
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before Q9«cri^in. tb# *ViUip ont one c . one Ij 
cotsaueting the expon ents. It uet t >© *orno in . l*>q t«»t 
this study was carried on jointly isith another InclvLcjal 
seeking si iier Info nation for operations st etn-i orie 
instead of sunsonie s'ceds. Consequently thr *t. uir%' 

K8» designed to Bcccmccate ana tafit the effect of :*ol 
types of flow on the glow discharge. 

The uind tunnel usees to obtain the re dime ? 
flow was designees specifically for sunsrsooic * >. <j a & ii. 
the orcsr of • 2 5.0 *itb the intention of *£i£inf all 

subsonic runs either in front of the throat, in the . *©wt 
itself or, to a United degree, aft of the throat. In 

this aanner it »aa relieved th* t results c^ose to * L.J 

\ 

could b© attained, ana also, tee sane <ach mraber coo t> 
oe haa at various proaeures, showing thsret’, e.ic ' 'Hii, <? 
in the effect of &ach mmoer at different pressure* • 're 
air supply »ae obtained b, tapping into th« .Lose .on t 
ne-»earc ' n bora lories * hypersonic Tunnel’s high prajse.ir n 
t aiu t 1th o one inch pi-'e rine. This huge t« (1750 
cuuic f etj holas air osl gofe, a- a U ceciroc, 

the far 1 compressor used to t*ma- U" *nia res^rv ir, ecu Id 
be usee si* jxtaneoua Ip '•"on tost: . ,1th th# »i«.c tunnel 
used in this exp*riae. i , it •&- r> :i iwla ta ornate e.n- 
tiuuou- L up to the *eria.o » .. r - -.-or i-tt- ihr-c utiii t: 

1 1 » co-.j r^sor, soa f„r inaef It.-M, lr cu p«,rloc. •< ~ 
iionicaiiy without osiu* t co rr ^ r. 1 o a ir e 
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«&c ary, navtng s do- poimt in t a* oidar tu ->uO i , a. 
wo 8 dried before etoreg© by en # Itctrodryer, 

In© *rrta£«mni of the wind tunnel li - s««; in 
F4 * X. x^e aii cosnict from the storage tam: eitc*. y t * 
one inch pipe as shown sun cried ©a the extreme L<f\# it 
then proceeds into an expaaalon valve to a pipe t* r, - i 
in diameter sect thence into the control waive* * ig ii* 
pension was necessary a u her * 0 nice! ly to avoid svl i*- t •» 
actual throat appear in the valve as wss the cast fit: i 
one inch high pressure giobo type valve, *»iito the veiv* 
open, the c ir tfaen travels pact a union joint into the 
stagnation chamber * * section of three six inch si*. el 
pipes, a total of forty-one (41 ) inches lent, T» nty 
Inches down thin chamber in the center of the channel 

\ 

installed e total head tut© of l/l6 inch braes tuv Inf# 
i.ef , Mg# &, Section a.»&« this pressure tap was than • ©£ 
through 3/d loch steel pip© to a preatur© gage, or for 
finer .••easures&sats , sne ea used in connection with :hie 
report, oy rusher tuning ta a multiple *anoi»attr •'©re 
this ats^nstion pressure wae react in lnchee of -leic.jr* , 
i.<i irty-f Iwo inches ao^n this stagnation cha«cor t©«* f ^ o • 

*os converted from that in a circular crose-eect L •. of it? 
inch di meter to a rectangular cross- » e et lor. , t* o; oce 
inches, by moans of a hydroeton© old, air Inch** long* 

Ihia nola was cset in the pipe wit*? r or-'oton? by stut 
a xooceu plug cut to the required dlotet s '.one on i latus, 

in all the above na vo<i sections ’as -cc, i*: • ato* o o 
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th* use of heic ce*.tce K ion £C. • » ts aau ? i —tc-T ^ m. :t 
paate* 

follow in* Vie flow converter wos tne nv. • .0 
bloe«c, cut from plexiglass, the design of which *p'.er£ 
in iif* £* SMs nozzle was secured to the stagrsetio • 
chamber by leans of eight half inch bolts with the 
countersunk in the end adaptor plate* bealinr *as . ‘v* » 

the use of l/8 Inch rubber padding between the «uc put* 
end the plexiglass pulled tightly by naans of tne nrl ia 
bolts, Ihe throat di;aen8iona of the nozzle worr 0 *tbO r 
2*00 inches end the nozzle wee of the wedge type ait* 
slight rounding at tne throat and had a do®nstr*a^ d-sar/e- 
nce ha If -angle of four degrees (4°). It was designed 
accord Ing to the ethoe of Character 1st ice by !lu 
and tne leader is referred to tne report by fc \. 
c 0 Iler.bergsr , Kef • 10, as to the supersonic flo^ e'‘wrasu - 1 - 
isties of the nozzle. ^ubsonicsily , in the vicinity .*r 
the throat, the flew appeared satisfactory as evicaneea 
0 very steady -ranc,iot ei up to a acn nosier of a hproxim* ta * 
*30 or .90. .'.hove this, slight fluctuations, of the *ercs.'i 
was noticed Indicating uj stead/ conui ticsu r .c po&aiolf 
erroneous pressure rest. Inga. 

Iho probes, Ivlg . 4 , usee to measure the static 
preseurs i:» the nozzle « *y.« to e»*?i t- e rt«t l;va<i 're 
electrode into the flo* r arm 111 .to i s e static- tout • 
nl*o ea th* positiv-* si ctrodc nr ffered v* l j * 1 > • 

in construction* the original static *o * *' 8 ■* A 1 



or.->ie n. -o-.a liver solored to a i/lt ine 

brass tube l/c inch lone, ten In turn -as silver eol r»c 
to a l/4 inch brass tube about l£ inches lonf • ^his 
proven unaatiof aetory as iht needle was not steady wren 
subjected to sir flow, and finally snapped off fit super- 
sonic speeds, The eventual solution was to a so a L/lo 
inch brass tube one inch long as the static probt'wltr 
the static orif ico eight Giaraeters back fro?, thm ~olnt. 
t.his use then silver soldered to a 5/8 inch stee l tul- 
ahout fifteen inches ion . biaiiar stool constructs 
necessary for the plstlnua sire boiaer to avoid uust* J- 
lnesti, £v©ntuaiiy it consisted of tho platings *ire l/Zk 
inch long soluerec to a steel noc-dlo point ground fro 
solid stock eteoi 5/52 inch in diameter find about l, l/k 
inches long, followed by a half inch piece of 1/4 inch 
brass tube and approximately f if toon inches of C/- inc J 
steel tube, Ihis slow increase in thickness was :oc ii 
craor to avoid on y possible disturbance of the flow a«K r 
the point, h& there was to be as ^uch as 10,000 volts i 
electricity across these prooos, all surface «' except t.*« 
platinum wire and the 1/lb” luce of the static pro a* 
then coated with a plastic in?ulator, '.cyrolold, t a 
thlcknes.. of l/lo to i/. lnc r, » tie sc probes r* t - at rr.rv 

oi*-ht Inches back fro* tne rue. • ti^a in ’’lexi*’ olcei : 

which, in torn, wore w* c.irr to a woooen s ort, 

Ih© support (i'if » 4) was a seve* i«ch rice* 
k x 4 inch wood cut to a wed?© an# pc a le«-aii£ -i' au^ 
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.ounted 'oj sere -a to a 4 x 4 x i/4 Inch this 

plate with two i/4 Inch Lolls as guides, fiti-a or* s steoi 
trfcctf twenty-four Inchet lent anu it could be eecr*rao in 
any desirec position by tightening the bolta. "hi* z: • n- « - 
jent, then, allowed the movement of the prob«e for* - ■ 
oft to any desired distance down the middle of the 
bpae in£ of the electrodes apart was accomplished by • 1 

relocating the platinu-i wire probe holder into tfti u c-sin 
set of specially located holes in the wooden support. 

In order to obtain the glow discharge at the ■ . . 
of the platinum wire it was necessary tlr t a voltage 
supoly ano a refine of Treasuring tho current flow bo avail- 
able. from the work of previous experii^entora, e voltage 
supply of 10,000 volte was doomed ample fis scs the soil it 
to measure amperage from zero (0} ap to 500 -icroa-rreres* 
tine© the ©fleet of changing needle polarity *as to be 
investigated, two similar electricsr a rranraaonts wer© 

.jade, differing only in the polarity, the circ.it oiarr^ » 
appear in rigs, 5, l, ©no 7 an* $ picture of tus control 
panel appears in llr, 1* 

Essentially, t. s po».er supply circuit conflecwo 
of a V rise to control th* ; nr citato to the rr-t-r • ». ” 1 
••bich, in turn, waa ttie tj deliver or to 10,00V ^sltr 
direct cunent. In thiv circuit xmo saitchst ■ inrt*ll- 
ec , one to the filament a ,c another for th* n i*->. vo te^e 
eld© of the po-er cup 1 y to o usod only *.ftei th* f i i 
had been allcweo sufficient tic*. tc :e»t up. Tno it, -or-: 
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two such pc«*er sap lies.* 

rroft ♦.ho output twraioa Is ol the po*'cr sap^lics 
two similar circuits wgie origin' tod, differing only in 
polarity (Fig. 6 and ?j, circuit one beinr used to test a 
positive platinum wire snd circuit two to test o re .stive 
wire, jx voltmeter with a three-way etriten incorpoietlui 
various resistances wa s installed across the line t vary 
the voltage as desired iaa also e microasrteter • ith . three- 
*ay switch with various resistance to allow *cesssria» «yj r- 
on three different range scales 0 - 50, G - 150, and c -truO 
micros Kps res. So protect the fticroam < seter a neon tuc« *• 
put into the circuit and to limit the current through ’!:♦ 
voltmeter a two megob a resistor snei a l/£QO a » pore f at* 
was placed In the line, however, this latter was f pend in- 
adequate as no fuse code, ho obtained with high enough 
voltage rating. Consequently it became necessary to i or- a m 
t»® resistance to four a® potass and use no fuse, thus limit- 
ing the current to the maximum allowable. Ail rt- tirtors 
were measured to two decimal places by .tosne of a wheat- 
stone bridge x ea later rax one the voltmeter e* libra too 
accord ing Ly • 

from tho la rgc r«9iev<r« across the line, it 
became necessary to asm v xtra ho&v? co-axial c« -6 i 1 1 me 
and ground terminals in single t * ia£ j to tanc!* 1 r v !■ 
volte, e. This coble wu tr.«a leu to tie or* >er , t j* nigh 
volt bop line going to t a ^Ist ox e v «-ti'* t> •» an t* > 
shield or ground conn ctioa to toe wire ;u. o t • :■ ' us , s 



vi. 

the circuits were rover cod in pol*rity, attach lug one ealil* 
an above gave a t *o£stIve wire while the other, a positive 
wire . io Insure against leakage, all high voltag * linos 
• are woi.. eepazatea, oil connections nada very secure , &n$ 
uharp coiners were smoothed round and the probes w*u*u in- 
sulated h8£vily with /-cyroloid . 

In order to obtain pressure acseure icats , ,:v*»eh 
nusiber of tero) for dry air, the gibes Jar containing ■ 
moisture absorbing ebonies! in the left of Ilf. 4 was . ieo* 
Ihe plastic cover ineorporeted a fitting for the aucilo 
pu&p load, anu two terminals for the electrical leads, 
ranging straight down fro>a on© terminal wus ® pointed bra g 
strip to which was soldered the pis t in am -iro. lit. nr fag 

vertically froa the other terrains! was e two inch piece of 

\ 

approximately 1/2 inch thick solid brass, banning through 
tan io*er end of this brass, and perpendicular to it it the 
direction of the other terminal was a stool machine acre-, 
t iroufh tn© ono of which, in a vert ice i direction, fis 
secured a o«e inch piece of l/i6* or ass 1. js the 

electrodes were similar to those used in the ?jlnd tunami 
end the spacing was obta ined by adjusting t ie sere a hold r *f 
tne erase tubing. i'h«? .« nom-stei as ottaon d to t .*• * .etioo 

pump leaa to measure the suction U; iricies of -.crewry s 
ago in to Insure im«u!«t!o'h» ^cryolulc •as u'ev -cavin’. in 
order to - void any poweit L* ionize tits of na fir in * . • 
tne eir use changed after eac v sot of «©f. Jr«.ient« at a 
particular ire a euro. 
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Tho t* st data as recordset in £ip. 8 to * if » 24 , 
were obtained b; eliding the pro oca , keeping tfec tip of 
the platinum wire juet opposed the static orifice, .nto 
the tunnel to the desired location and securing t~ su^'-c r* 
to the steel traca: by .ieane of the l/<S inch jolts. tn- 
fortunately due to vibration troubles the length of th*» 
cantilevered probee bed to be shortened until tb« static 
orifice and Hire could just be Iocs tea in the threat. 

This unpredicted difficulty eliminated any testing upst.-e* - 
of the throat and all data had to he secured either in bio 
throat or, as much as possible, downstream of the throat. 
The latter sms of course limited. The flow in the throat 
coulo just be allowed to reach sonic velocity ana then 
diffuse again aubsooies i iy aft of the throat. This is 
sometimes icnosn as the first critical pressure ratio. 

If the flow re* c he a supersonic proportions at sny * i - , 
the static pressure readings eft of the throat wei erro* - 
eous for subsonic speeds. {The only exception to this 
ms y e et trio first critical pressure ratio when with 
certain type throotfi a e.^i.1 supersonic ref ion t-oy brer 
near the wails in the t root, .xef . r*o* 6 j. 
between the static pro on ant ti e throat the supersonic 
flow woulu have to bav»: bro zmn ao-o thro uf h o a oc 4Vu ; 
with a corr«sponuin£ entropy loss. These lo<sea oulc 
icve to nave boen cooiputea and the at. tic preaeur* rawcltt 
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related to a ne> stagnation pressure do nstrcsi 

testing was t ;on limited to the first critical ~ree. ur© 
ratio and subsonic diffusion as dictated by effective »re 
ratio, as a result, all testing wss m&b© in the vicinity 
of tit© tnioat to a point i L/z inches ocwnatrea i« !*•!• 
also greatly handicapped the obtaining of data, abo-nnw 
the effect of *ceh number et constant pressure, as a r* - 
suit all data hca to be referred to tne c larectcr 1st it * 
curve for the particular static pressure unaor no flow 
conditions, and the effect auo to ».acn number noted, o.ti; 
at a few isolated spots as it possible to observe t >e acb 
number effect at constant treasure and this almost ex- 
clusively ia the io* st esu range, supersonically, of 
course, this problem was eliminated. Furtnerstore as expect 

I 

ad since the platinum wire iss directly opposed the ©U tic 
Oiifiee, no effect on the pressure readings was bai os tt© 
air flow seasureotenta . itn or without the sir* ''rood ia 
place, the static leadings obtained were the sa*e. 

i -e spacing of tue electrodes, which *r<:v«& to 
be very important »lao left something to te c-eli o. • i - 
though the spacing *&s ■. -cured frior to ‘.ui run tun c^-.c 
hi alter the ran, tnexe see oeiievoc to «o.iw * u ir. 
tne arrange ent of approx iaatoiy *>/ \A Inc.. IN could 
alter th# t suits significantly. Then too, since tn«* 
plat Inna • in? is small (.005 i< . al&nster), it too ltv 
nave been attracted ©LactriciU i,y towards t • tc ;r - v^ , 
bent sliffitlv cue to the o lr veioclt . T* 1« i lv » 
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ottreetioa c licet one© carin. static pi ssujv tret*, 

in the jar. tfiauSiiy this aid not appear to iprea in re 
tunncL but the huoen oyo is a poor ova l uo tor of %'-ry £ ju i i 
wiatsncee. si-nif/ing glasses sere available but cm* to 
an error in construct In the nozzle (solvent *as allow d 
to pour down tne walls) the original plannee ercci ?t*t 
optical properties were destroyed. *. laws was lr euf i it Lc - j 
to have another nozcle constructed. 

nefor© taking ccta, it became evident t~'t t c. 
wire hac to be M burned in", i.e. it hod to bo turnec *ivn 
a high glow for several minutes. This in effect, as 
observed under tne microscope, had the result of ail tl v 
rounuing the blunt ecu. o cl the cut wire. The chvracic ?\* io. : 
changed curing this turning in with the current ♦ecgeawlr.f 
ana it was only wneu the capes were rounded a ,c character- 
istics became siesay eno relia ble that test inf caul . e 
acco.» llshoa. This verify* sane of ruezs 1 «or£ as tn* ior 
velocity is caaageu by the point sis© sue s .ar.*if sc. 
turning in st loj :j,icroa.'averes for two to three i uto* 
proved to t.,Q a* t iafwetorj . 

The cats was o t* Inec tn*n sl^v-lc ry scout to# 
the erodes in place, a* near t > t ire* t , * »c est* ^ t >i*u 
an air fio«. The st»£ >*tion preesur; and static ’■.res-urwe 
«er« recorded iro*r. t. <• mr no ister ic t' c character is 1 1 ics 
c ta iAeo i) Incress ia*. t e voiti . ia n ti . t" -ur r^.. . 

This »*a generally cent iuar*ci *i'A 1 ti«e > ire et* t <v ** - 
evidenced * snor crri in -errant. 
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Ot.*s ar^or’fl e.t» io* ^se c-oarl* vi«i .e in #■•; ’gj* 

right at nea j a vno spheric pressure ano very notlceaole 1» 
ay light st recucea pressures . 

resting »ith enothM sl£e plstinui • Ire {.001 if . 
was also attempted ana with opposed polarity. I latter 
?raa acccmpilsheo merely by changing tie l oadc tc t •• 
probes ona using th© other circuit, She pressure 'tea' >r. - 
•aents in the jar aero conducted, niter securing any It* ** 
age, by setting o desire© pressure by the use of a aucticn 
puap ae reac tvo.u the * t enomot©i* snu reading t ;« f . © • 
Gtarsctet ieties . x»fter each preeeurs, the air =• s a\.in<cu 
to return to atmospheric conditions to a Is pel an* 
possible lonisstioQ of the gas* In Is lest pi oca an re 
♦ ae not necessary Gorin*. teste la the *lnn tunnel, /Sine* 
according to ^uchter, an electrical i laid about a .-odj 
has a strong ini lueiixe on tbs air stream only If a nip 
Intensity field is set up, (100,000 to 5-0,UGG volts ) a 
than only up to velocities In the order of &5 ft. /sec. 






• 4 4 !*••• >t ■ # i Ml - I. illftMt* O* 



* 






The custa as obtained anp ,ars in lit* 3 to I 1 . . 

in oraor to obtain a zero ••.a on nu:ror curve at any nrr e* ur , 
the data aa | Iven ii Fig. o *es cioas plotted #t conetafti 
aaperafe Fif* 9* These curves at tne desired rr - ; rc • , 
were then co'aparGb to the data ts ten st the can* prr-jrur* 
out with Impressed How* «.£ the air was at ell tHes 
extremely dry, no correction need be node for tumidity 
ana, according to the wortf of werner , the flow is in- 
sensitive to temperature* For a particular arraafe * at 
of electrode material, size ana spacing, the onii 
variables expected to be encountered wore pressun: e . 
velocity. It .a*y be that this assumption wsjs in error. 
lh« platinum wire used its always sp-xox metoiy l/tc ion,* 
a«d for o seeding iy good reason. On severe i ocea alone 
hires l/lo" long. «ere used and t ie onaractei let its 
noteo to be slightly Jifierent. ; ith zero velocity « t •© 
amperage with the ion er wire apre&rau one to t«o 'Iro- 

aaperoa ‘higher. Thus it nay dc in the urr nie rot rt* a 

that the current ie reiotad tot only to tha sir* wire, 
the point eiie and t.o sr»cinj t>et«K*eu t r iectfoue# oat 
also to the Length of Uv -ire. lull is totrav at .♦ 
sa now ore area is aabiwctao Is: i*o «i >a rdaent r 
gr-'Otci ova fcSucns col u. ; - ». twee , y 1c Id Ini -l/' urr* .t . 

' o avoid this poseiai it\ , x •< u .cz *•». r» o.t to 

e^proxl * te.ly 1/ 3h In-S. m, t.. for • • i tide* U . 
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expc-cteci se a longer region of Ion flow and s gr-nite-s: 
nunoor of charge eorilera "isy be au.. jected to belnr jlo* * 
awev, i* wire too long eod eionu©! would, of course, not 
tc feasible as It woulc be subject to bend Inf 2 no vl? ration 
shen In Q flow stres... This js-ossibitit y should H 
invest tf a tec furtner. 

I^eeis te l.y evident from 1 It • ta and 9 Is Vjb „ 
tot glow oiacnorpe le very sensitive to treasure* chtiifes 
with the intensity increasing es the pressure is re due* . 
due to the reduced penalty, iGiper mean free oath A t‘ . 
holecuiee end diffusion of the electrons* Tnis Is es 
expected and thus It lencs itself to the poaairillt A 
•.ensuring pressures in ■ ind tunnels. The pressure couLq 
ce t o;p«d into s tightly sealed container to G.talnote the 
effect of ach uunuer ©no characteristic readings to .sn> 
giving the pressure end the co i i . eepondinp 'aoh nu .v^r * 
although a pressure survey at high pressures was not 
included, it is expect* a the t such floe d lie .c/ve 
characteristics ceo be o^tai.ioc *a<l tnu«s extern* lu the 
t low’s uso to r acing st*^u8tlon an c tote L bead nr* score? . 
v survey shouio oe ;sue „i toe character itlics st Mgr? 
pleasures ano it ie ex;ecteo tf?*t voltaf*- IV the or oar of 
ta Sv,Odu voUw e .an >.«- r« rirr » hut oj i inol 
ouivey conducted with a s.eii»r hire, a? *ly, .uJL 

Lncaea in disaster io Mio.eavo: t: soviet# te ?icvlr»u* 
ij r..* several test* ioc. it »«<?!* ewa ors below j.5 
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•*ith very erratic results fac no reproducic lilt of 
rotuitfi. At tests abovr. this sen nuaior, r.o uj:ren t 
could be obtained cue avast Ipat ion showed to* t t <um 
hsc cent ItaeLf oac^ around toe Insulation >t«i Ui 01 
tlie probe. At supersonic encecs* the ueaditi was b le- 
eway on four success: ivt attempts arm it ass co .ci.ud* t 
tr« wire was too snail ana flexible fox' velocity u®* * 
...enta. tx 11 tests were then ecnauctcm uith »<jOS iner : - .,<• 
which proven to do sa t lofcctory . 

olmil&rly the first tests were to be ,'auo «i 1 
the platinum wire as the rosltivc- e-imctroce ana it -as 
cxpcctea that the current would be very ecsail. In ev*r 
site ipt» arcing was experienced hsioro any atiT^jiare read- 
inga couid be ueae. The .ilcrossxiiieter needle was on^erveG 
to tASkc several s .all unsteady Movements just prior to the 
arcing rut piovea Insensitive to any current that & h* v- 
oaen flowing. It war i lately apparent that a nogativ* 
-ire -•»£ .»ore sensitive sue useful a no no urth«*i tec.ts 
were .nete with a positive wire. 

In previous »or<J pith direct current giv* ui 
0 arte *n« sorters, tie pre *t • t (Ur ovant- ; -.ud <t.-i 
t Duini.i£' away 01 to* ? icc<> oues. nowever, Lr. *i rr 

oxper taints it was noted t -? t aL^li^x sateiiAi* •• • *e : 
.or anode a no cat hone am the • rrar;,. « ar; t 01 it rode* 

•*? v^r$ bj metrics i. ^hie burning - y it *eli#vea u 
'0 to high temperature cue to vJxniu,- , oj tion in 
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o; /f. en of discharg Jy et io*or to versturo - nc c thoec 
sputtering. Ihls burning asay »-as sotitf viorii t ..tilt-jo 
by using fin aaymetrlcfti a rrsnf emezit oi electrodes s 
suggested by iuc^s, using e noble *.etal, p’stLr, 
its high resistance to oxidation and i«nero .-y reel* .c ;i. t - 
tne caper&ce to a hundred ®icroa»?eres or r cue in •: * >• 
voltage i*ae* lately upon say eviesnee of sputtering ci 
anartiin f _. It is to be noted that transition to .aralt.f 
VMS very sharp ana cere had to be taken to reduce tn# 
voltage quickly, less possible aaia?© to the ine r a Lis a on 
rr suit. 

^he aata ootaineo sos recorded §s a function of 
Aach sou’s er as a pa.? actor since thi *tor'.: cee carrier out 
In a Sind tunnel. Boaever » as the local velocity of 
souna decreased leas than 10o ft./stc. over t-'c reujo Oi 
«.seh numbers due to the t«*pere tore droo, it ii Iq 
anusrstooa that the vs'ccity change i* eiAaat line r> 
varying fro* ft. /see. at a ach nu,irer of to 

lOvP ft*/ ec. at , ** Thub for each o^-V it > 

in ach nu oi , a c-ori ©t-por.aing change of 1 JS ft./stc. 
os *s, eu as approximately correct, thr ..rror eat «.#a- 
Lnf 7 ft. /sec* the t e* . i«tlc ccv ^ <!f to rater*. - 
issu ed c ..slant for * l ruxv: . 

In figs, & to 1- *ro oiolt *•. o tV rot, ? **i uslttf 
tr*> - !■ ctioacs 0.1*.; lr.<* be t » • » ( * . i >, i-o-iy *\ § 
oovicuf t 'at the \ io* ie eci.sltiv* u ,.iui nv er at 
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un^il a -«cn ntn&er of &vcut 9.3d ie reached 1551 ft./s*c»,, 
■ any tests were concicictod at lower ach nu^a • re , a 
occasion slight sensitivity notices especially at vo 
grip©}: age. bowovor , the ajar it? of results anowce no 
displace lent oi the curve and as the curves turned tor* \ 
a vertical tangent, results wore erratic. Ihey -nay &v« 
seen cue to siignt fluctuations in the voltape at t tjc 
critical nointa or possible sputtering. f ihls Lac of . j» 
sronse is understandable ae the ion velocity ia very %i< . 
compered to the velocity of flow of the air molecules, .s 
the air flow if increased response could be expected ami 
se indicated, this wos true at all sch nusborc above 
u.COO. Fifei It shows results at the same presi-ure for 
aiffeient velocities indicating a -naruea ci sola ceetent >f 
the curve for tno increased velocity. The reversal 01 the 
curve, st the lo*er current Is es pec tec to bo in error as 
in i' .at tests, the lower limits «ere not well define*, it 
is ^lao well to note t.>st the point oi ignition appvsi 
to increase in current s$ tha velocity i teres nee. 

•ig. it fives a { ooc. comparison of the so e sch 
oui ei *t t«o clffersut rr» fi< urea sr.a while it Indicates 
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of tne probes s'u v- r saali 8:u lo convergence to V ' 
throat. inis s .all a ^ le convergence would oe nso. scar 
since tie a, re* ratio controlling tne ech nunler fro * 0,«j 
to unlt.s only changes fron 1.5b to 1*00, lhere also »ho< c 
e a ;oeana of changing tn© stagnation temperature, f 1 u« 
changing' the velocity at a constant :ach easier. i 
tunnel used eoulo not ;.© so designed sine©, as it i • 
uaeu sup © 2 son Lea Lly and had a snail throat, t e 
oouncary layer could not oe allowed to hullo a*' « *ces 
nspt oauc iLility of results at this i/3 inch 
spacing *oa fair with very sieilar curves result!;.* , a 
teln fc displaced slightly, and this generally towards 
higher ang-crcfe for the sa r*e voltage. ! I'iese fluctuation* 
it is fearea nay have been duo to slight endlrn of/t’ a 
• ire or vibrations due to the force of tee fio*. i.e #lr» 
pro ce was always at an on r ie to the flow, cue to tie tuiok- 
ness of tiie probes one to insure gooc. insuiatlor, cue why 
Denning socle naye teen to wares a eloaer £h*ci"h arc • 
correspond lug Ly higher current. 

i e v-rl-tlon In voxta <• at constant cji ♦•it 
appear® in lit* 15* f'ere la gooG sen#! iv r v. u~ t 
* .70 lor eip-:ra c e eiom il; aicros »p« * ia a" to * .? 
for hi t her • Average tut « oove t^etr- . . Its t j- ; jrv* azt 
jixec ana snow e oror in sons L ti* it.:* t*ier« It n*. • '♦?©*.► 

theoretical re-aeon i.x tni# uo; Ln tie vicir.it oi 
s i.t a^c It ..ay o< ou* to itner pcor fc i*. f . 1 • tn I 
ret jit e, . cunulnf *Iie, or a oecre !:• * : 1 1 „ - ' i , 1 



lofcei pressures a all testa in this roni'ie sere co.iou^Vu 
necu scarify at reduced pressure. The scatter c f points 
ie also believed due to tne fact that the -ach au -ther** •erf 
obtained at various static pressures with the ass ration 
tost the response was similar et all pressures. 1 is 
assumption should be closely investigated. These cur*' s 
eifio indicate that sensitivity to velocity car De hsc • 
lower ' ach ntmtera in the ercer of 0.20 instead of sa 
evidenced et u.£l. 

ivt constant voltage the sensitivity to a .agrafe 
drop as velocity is increased is good hut the roni* ic 
definitely limited at each voltage, c-onsit iv Ity is i \>ot 
at a particular voltage until a aeor vertical ta 4 ront i» 
experienced with r aspect to current, she pressure is 4- 
vory important factor here with a higher voltage required 
for a higher pressure. Thus the curveB show:. » re xseraly 
ropre* puts. tive of w:at occurs since each is nlotteu sv«r 
a ranfe of pressures 1'nent* the scatter oi points) .t, 
those of laser voltage »>eing n over a reduced n r€8v jib 

range. .everthe Leas , goco senkitivity ca be exacted 
anc fif fi in constant or-essur-e line* of constant voitoj.® ».u* t 
bo obtained. 

In Fig. 1? V? *4 *. .■« ..et'-' ebtainod foi • \/* 

Inc-.* recTodo epacim i« piotw© sac os is ax. cot- <J , 
iljttr voltages &re r^inirec fu: thr ian«r ;r , 
i .is larger spacing, however, ic ..s t > . t ® ®.k«* * 
c Vrodcs trevei ia . renter anu t*»c i ■ s «n* t •• >> tre t._ 
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the f low for « longer ti*u*. ihuf the sensitivity » 
especially at lower ve locities, should bo increased. c 
ie the cnee experienced (lip. 19) with result? obt. inra 
at . * 0.16 (ItfOS ft«/sec.) and from tne "lots of conata.’t 
current ana constant voltage, results ,ray tm ont* ins die 
• itn finer equipment do~n to X * 0.13 (145 ft. /sec.), 
should o probe be desired for very slow flow, it i? 
anticipated that .001 inch wire with a 1* rge encuph 
spacing would be acre sensitive, however, since flc« t»f 
such a.aall jicgnltuo© is generally of little Intel eat if 
atroaynaaioa , the possibility use not invest ipe ted • 
lest at siiphtly different Pressures (not 
exceeding fife, differential) up to a pach number of 0. 
ehowtd excellent correlation of beta t ith the V'»ch nui er 
effect being very close to constant and tb* reproclue U- lilt 
excellent. Ai>ove this velocity tests conic only be con- 
ducted at one pressure for each i-sch number but tb>. re- 
procucif lilty ra.ta Inec c ooo. The wire probe «s not 
inclined to the flow as with the snaltex £~'cin; t 5, i 

virratione • pps-f ontly -ere reduced. 

Ihe variation in voltxae at co. 1 b..t a r-rv re f - 
vfis ei-aliai to that at tec eight inc'.i i : in. ,ut »cs i 
litt le -lore S' ' • * i t i Vo o c« m»' rict: ; v * .«ch n urvbe r of 
u.afc. Tue curves of constant voi'Aae »f re • fto s‘. 1 1 i»r u 
ui sola yea a creator «©ns ixi«L1r • • *•«'.; constant ~re?Lur* 

curve e or*" esetntlol. 

~ i c uoc 
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efioct coin o* to volume rn* r i rs a , t -r r^ng-c oX t e 

velocities (a larger space io sensitive to lc fr v* ♦_ -.it 
sea the sensitivity to velocity cringe. 

consequently tne giov aiicnsrpe lanes it** 
use *« s pressure prove, wnica bse any use* such as ? 

*ina tunnelB end pressure surveys in power plants or « • r 
surface®# It also car. ucea as a velocity Jeter 
lu 6 wind tunnel or as an aircraft air roe^ indicate. r» 
iiince It i« Insensitive to temperature, it cannot be s* 

©c a * sch&tter for, as in an aircraft, one may t* trav»n In*' 
at Ouu seta, true sir eoeed which st oea level t?cuio be • 
each number of epproxLastely 0# 31 out at. Zb $ OQu , eet It 
1 . 0 u Id Lm in toe orcer of • * 1*05, eic cue to the cnsngw 
in temperature# A ove this altitude to about 100,000 
feet, the k&ch nuraoer would bo constant cue to a constant 
temperature out the pr ; ssure would continue to drop# If 
the vetocity response of the glow disc arfe is irr«* ®oect iv» 
cf pressure tae indie*, t lone eouLci be the same at ail 
altitudes which, wouies ri>r a*« incorrect - scr »iua er * IX It 
la i»e?ot*eive accorul.i;. to pressure) ooove S3 It* It 
>o«ie show a changing res?oon*e _ ut the **ech number *»ould 
not av< cheated . 

en observed in tru- •. la( tunnel, t* • * ..o? a* 
firat appeared to oi.c a® the v.i.uiV * :i Lvr'oi’tC but si 
the velocity increased fartbex tfct » .ok lucre* >•*£ i a le- 
t«s.i8it>» -tiis latter increase wa • uK.ou :t :y r : <" to • 
*,c.jctloc in pressure# lh© location of t ! r.o* ale >* f . t 
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appear to Cheng© at any tiae. 



I roc the forego ini study the following con- 
clusions may be made; 

1 # The glow discharge characteristics at a wire point 
are a function of the tutorials, size, spacing and polarity 
of the electrodes. They -isy also be a function of tN* 
length of the wire electrode. 

b . The glow discharge Is pressure sensitive sn« 
such lends itself to ue^ fts a possible pressure probe !•, . 

Inn tunnel to measure such items * s static pressure 
quite possible, high stagnation anc total head pressure** 
ness voltage is required to maintain a constant current 
e& the pressure aec2 cases. 

Z» The glow dlec'‘Sr£Q ie also velocity sensitive, 
the sensitivity end r®ege being a function of the e 3 »ec + roai 
epecing, and .tire size. Higher voltage is required to 
.is in tain a constant current as the velocity increases* 

*h «. platinum ^Ire, »001 inches in oia-seter orovec 
to be too s. i&li and fltxi le foi velocity eurenont* . 
wire .Ov.0 mcaefc in uisneiei was usee for ail tests. 

b. It ie access. rj tN* t *:»- fire eU'Ctrodr ne v 

the negative e iectrocc - r * cou’o ’s o. t* Inch 

when using positive ;o • .t. . 

c. <3 burning » %a • : tr.c cleotioo«c p.rs n Ii. i >- lj 

exper tencec , can avuln* b ch 4 aiffei-c :t ? izo 
electron* s of a iff©/ at vt^rialw *it' t.v -i a .* r.oct-’ r 
Doing .so? 01 plat i..uu, a .material ' r.\. ;«.* • •. <y ».t 
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oxidation. 

7. The glow discharge , while velocity end r re* sure 
responsive, cannot ce used as s 4 scLeter uuc to its 
insensitivity to tcaoei a ture » 

The glow discharge, when subjected to sir i lo*> # is 
mere sensitive to volts fc changes et constant current than 
to current changes at constant voltage and this sensitivity 
incroasec with increasing electrode spacing* 

It is reco i.’.entioci that further studies be eerrie 
out to determine the following: 

1* T’-.e effect of * ire si£e a.,o Leuftfc on the cn*:<tcter-> 

istics a no velocity sensitivity. .Ires up to u.Ol leer., 
in eiaaeter should be tested i a lengths varying iro /v* 
to i/4 inch. ✓ 

ii * The velocity effect at constant pressure over * 

• i de r# nr e o i pr © s e ore e . 

The pressure pops ltivity of tn# flow at press uire 
up to E5o pels. 

4. i r .( effect of electrode •prcicf to veloci,tT 
sensitivity ov-r a vU-r i.arg«, preferable fro-t 1/lc to L 
Inch. 

h * bsiosonic sod sups; son lc studies he c^rrieu on 
jointly to «fir»rd a ..lor rang* Oj • ..-pile* tic *i . 
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